The aim of this study is to evaluate the biologic importance and prognostic significance of selected clinicopathological parameters in patients with oral (OSCC) and oropharyngeal (OPSCC) squamous cell carcinoma, with emphasis on smoking, protein p16
HPV infection and partly because of different HPV detection methods used in various studies [3] . In the last two decades, at least 40 studies on this topic were published in the English literature, reporting HPV-positive HNSCC prevalences from 0 to 93 % [4] . In a multicenter case-control study organized by the International Agency for Research on Cancer published in 2007, a total of 70 % of HNSCCs were shown to harbour HPV DNA, with HPV 16 being the most commonly observed type [5] .
The incidence of HPV-positive HNSCCs is increasing worldwide. A recent study from Sweden reports that while in the 1970s 23 % of tonsillar carcinomas were HPV-positive, 93% positivity was recorded in 2006-2007 [6] . Several authors even suggest an "epidemic" of HPV-positive HNSCCs [7, 8] .
HPV-positive HNSCC seems to be a distinct clinicopathologic entity [9] . The tumors occur in younger patients -frequently in nonsmokers with multiple sex partners and oral-genital sexual practices. They are frequently localized in the oropharynx, show basaloid morphology on microscopy, display minimal p53 expression and rarely show chromosomal aberrations. Prognosis is favourable despite frequent regional lymph node metastases . The opposite is true for most of the HPV-negative HNSCCs [8, 9] .
As a continuation of our previous study on the role of HPV in the etiopathogenesis of HNSCCs in nonsmokers [10] , we included a group of smokers and also expanded the spectrum of evaluated clinicopathological parameters. The aim of the current study was to compare (i) nonsmokers to smokers, (ii) OSCCs to OPSCCs, and most importantly, (iii) HPV-positive to HPV-negative SCCs.
Patients and methods
An institutional database search revealed a total of 307 OSCCs and 228 OPSCCs diagnosed between 2000 and 2010 at The Fingerland Department of Pathology, Faculty Hospital, Hradec Kralove, Czech Republic in surgical resection specimens. Because of the important role of actinic damage in the etiopathogenesis of SCC of lip, these tumors were excluded from the search and study. Ethical approval was obtained prior to the study from the Ethics Committee, Faculty Hospital Hradec Kralove.
Twenty-four (8 %) of the 307 patients with OSCC and 22 (10 %) of the 228 patients with OPSCC had no personal history of either smoking or chronic alcohol abuse. These patients comprised the nonsmoker group. A smoker group, comprising gender-and decade of age-matched patients who were further matched for tumor localization (oral cavity versus oropharynx) and the year of operation, was selected for comparison. None of the patients in either group had undergone neoadjuvant therapy. For every patient, gender and age were recorded.
Tumors occurring in the oral vestibulum, on the cheek, hard palate, floor of mouth, gingival/alveolar mucosa, and on the anterior tongue (the first 2/3 of tongue) were classified as OSCCs, whereas the group OPSCCs included tumors of the root of tongue, palatine tonsils and arches, soft palate, and the posterior wall of oropharynx [11] . In every case, tumor size ("pT"), presence of regional lymph node metastases ("pN") and presence of distant metastases were recorded. Where pathologic lymph node and metastasis status were unavailable, clinical data ("cN" and "cM") was used. Histologic subtypes of SCC ("conventional", verrucous, basaloid, papillary, spindle cell, acantholytic, adenosquamous, and carcinoma cuniculatum) and differentiation grade of "conventional" SCC were recorded according to the current WHO classification of head and neck tumors [11] . Pathologic staging was established from tumor resection/excision and neck lymph node dissection specimens according to current TNM classification [12] .
After resection, the specimens were immediately fixed in 10% formalin, routinely processed, embedded in paraffin and stained with hematoxylin-eosin. Paraffin blocks for further analysis were available in all cases.
For immunohistochemical detection of p16 INK4a protein (p16), the CINtec® Histology Kit (mtm laboratories AG, Heidelberg, Germany) was used according to the manufacturer´s manual. Samples of cervical intraepithelial lesion grade III were used as positive controls. Control slides provided by the manufacturer were used as negative controls. Brown staining of tumor cell nuclei and/or cytoplasm was interpreted as positive. The p16 immunostaining was scored according to criteria set out in our previous studies [10, 13] as follows: (0) absent, (+) 1-5% tumor cells stained, (++) 6-20% tumor cells stained, (+++) 21-50% tumor cells stained, and (++++) 51-100% tumor cells stained.
The HPV DNA detection was performed by polymerase chain reaction (PCR) as follows. The HPV DNA was extracted from paraffin-embedded tissue after deparaffinization in xylen and rehydration in ethanol using the commercial QIAamp DNA FFPE Tissue Kit (Qiagen GmBH, Hilden, Germany) according to the manufacturer's protocol. PCR amplification of β-globin sequences was performed to confirm sample fitness for PCR assay. All samples were screened for presence of HPV DNA by PCR amplification with primers GP5+/GP6+ located within the HPV L1 gene. The sequences of the forward and reverse primers used were 5´-TTTGTTACTGTGGTAGATACTAC-3´ (GP5+) and 5´-GAAAAATAAACTGTAAATCATATT-3´ (GP6+). The PCR reaction was performed in a volume of 25 μL, containing 25 mM MgCl 2 , 2.5 mM of each dNTP, 2.5 units of Takara Taq polymerase (Takara Bio Inc., Shiga, Japan), 100 pmol of each primer (GP5+/GP6+) and 2 μL of HPV DNA at various dilutions. The PCR protocol was then carried out with an initial denaturation at 95°C for 10 min, followed by 40 cycles of denaturation at 95°C for 30 s, annealing at 55°C for 60 s, and extension at 72°C for 45 s. Amplified products were run on 2% agarose gel and stained with ethidium bromide for size verification.
Samples showing HPV DNA presence by the above mentioned procedure were subsequently analyzed using Linear Array HPV Genotyping Test (Roche, Basel, Switzerland). The manufacturer´s protocol was modified to adapt the test for use on paraffin-embedded tissue according to Siriaunkgul et al. [14] . The test involves three steps: PCR amplification of target DNA, nucleic acid hybridization, and detection of 37 HPV types, specifically 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45 PCR was performed in a total volume of 100 µL containing 50 µL of the manufacturer´s master mix and 50 µL of GP5+/GP6+ PCR product. The amplification program consisted of 2 min at 50°C, and 9 min at 95°C, followed by 40 cycles of 30 s at 50°C, of 1 min at 55°C, and of 1min at 72°C, with a final extension at 72°C for 5 min. The PCR product was denaturated with denaturation solution and hybridized on to a strip containing specific probes for the 37 above mentioned HPV types and β-globin reference lines. Detection was carried out using streptavidin-HRP and 0.1% tetramethylbenzidine as a chromogen. Positive reaction was visible as a blue line on the strip.
The study was terminated on May 31, 2011. During the follow-up period, type of adjuvant therapy and data on local and regional recurrence, occurrence of distant metastases, development of other metachronous malignant tumors (except of squamous cell and basal cell carcinoma of skin), and tumor-associated death were recorded.
Statistical analysis using NCSS 2007 program, chi-squared test, Fisher´s exact test, two-sample t-test, Mann-Whitney test, Kolmogorov-Smirnov test, Kaplan-Meier curve, log-rank tests and Cox regression analysis was performed. Differences were considered statistically significant at p < 0.05.
Results

Descriptive characteristics
Nonsmoker group. The nonsmoker group comprised 24 patients with OSCC and 22 patients with OPSCC. There were 23 males and 23 females, aged 35 -93 years (mean 63 ± 15 years; median 61 years); the males were aged 35 -86 years (mean 60 ± 11 years; median 60 years), and the females 43 -93 years (mean 63 ± 14 years; median 64 years). Of the OSCCs, 8 were located on the anterior tongue, 6 on cheek, 5 on the gingiva/alveolar mucosa, 3 on floor of mouth, and 2 on the hard palate. The OPSCCs comprised 17 SCCs of the palatine tonsils, and 5 SCCs of the root of the tongue.
In 44/46 (96 %) patients follow-up data and information on adjuvant therapy were available. The follow-up period ranged from 18 -168 months (mean 62 ± 40 months; median 53 months); for OSCC patients it ranged 18 -110 months (mean 41 ± 24 months; median 28 months), and for OPSCC patients 19 -168 months (mean 83 ± 43 months; median 79 months). The treatment modalities are detailed in Table 1 . During the follow-up period, 12/44 (27 %) patients experienced local recurrence, 11/44 (25 %) regional recurrence, 17/44 (39 %) locoregional recurrence, 3/44 (7 %) distant metastases (2x skeleton, 1x liver), and 23/44 (52 %) patients died of carcinoma. Eight of 44 (18 %) patients developed a second malignant tumor (1x SCC of anterior tongue, 1x SCC of larynx, 1x SCC of lung, 1x adenocarcinoma of lung, 1x colonic adenocarcinoma, 1x chronic lymphocytic leukemia/small lymphocytic lymphoma, 1x diffuse large B-cell lymphoma and 1x Langerhans cell histiocytosis). The course of the disease is shown in Table 2 .
The TNM status is detailed in Table 3 . Most of the OSCCs were diagnosed in the advanced "pT4a" stage (in 8/24 (33 %) patients), whereas OPSCCs most commonly presented in the "pT2" status (in 12/22 (55 %) patients). The "pN" status was available in 32/46 (70 %) cases; in 15/24 (63 %) of the OSCCs and in 17/22 (77 %) of the OPSCCs. The number of lymph nodes examined ranged 3 -33 (mean 10 ± 5 nodes; median 10 nodes). Lymph node metastases, documented either clinically or microscopically, were present in 29/46 (63 %) cases; in 11/24 (46 %) of the OSCCs and in 18/22 (82 %) of the OPSCCs. All but one of the tumors with "N2" fell into the "N2b" category. Table 2 .
The TNM status is detailed in Table 3 . A majority of the OSCCs were diagnosed in the "pT2" (in 10/24 (43 %) patients) and in the advanced "pT4a" stages (in 9/24 (38 %) patients). OPSCCs most commonly presented in the "pT2" status (in 18/22 (82 %) patients). The "pN" status was available in 40/46 (87 %) cases; in 20/24 (83 %) of the OSCCs and in 20/22 (91 %) of the OPSCCs. The number of lymph nodes examined ranged 4 -36 (mean 11 ± 6 nodes; median 10 nodes). Considering the "pN" and the "cN" status together, metastases were present in 28/46 (61 %) cases; in 12/24 (50 %) of the OSCCs and in 16/22 (73 %) of the OPSCCs, with the "N2" status being the most common and, except for 4 cases of "pN2a" and 1 case of "cN2c", it corresponded to "N2b". None of the patients presented with distant metastases ("cM0" status).
Microscopic, immunohistochemical and molecular findings
Nonsmoker group. The microscopic findings are listed in Table 4 . All but one of the OSSCs were classified as conventional SCCs: grade 1 in 5/23 (22%) cases, grade 2 in 17/23 (74%) cases and grade 3 in 1/23 (4%) case. This remaining case was a sarcomatoid variant. Twenty of the 22 (90 %) OPSCCs were classified as basaloid. Only 2 of the OPSCCs were conventional SCCs (grade 2) and both were located in the palatine tonsils. The morphological appearance of the lymph node metastases was the same as seen in the primary tumor. Transcapsular spread of metastasizing tumor cells was found in one case, a SCC of the cheek.
The results of p16 expression are shown in Table 5 . The p16 expression was detected in 9/24 (38 %) OSCCs. All 22/22 (100 %) OPSCCs showed strong p16 expression in more than 90 % of tumor cells (Fig. 1) . Smoker group. The microscopic findings are listed in Table  4 When comparing nonsmokers to smokers, only the following parameters were significant: a) in nonsmokers, the basaloid variant of SCC was more common (p = 0.026), and b) the conventional variant of SCC was more frequently well differentiated (p = 0.035).
When comparing OSCCs to OPSCCs, the OPSCCs were more frequently basaloid (p < 0. The results of comparison between HPV-positive and HPV-negative SCCs are shown in Table 6 . Most importantly, the HPV-positive tumors were more frequently localized in the oropharynx (p < 0.000001). They were frequently basaloid (p < 0.000001) or poorly differentiated conventional SCCs (p = 0.008). The tumors typically showed p16-positivity (p < 0.000001). On the contrary, the HPV-negative tumors were more frequently localized in oral cavity (p < 0.000001). Local and regional and locoregional recurrences were frequent (p = 0.011, p = 0.019, and p = 0.300, respectively), and there were more tumor-related deaths (p = 0.003). Interestingly, there was no statistically significant difference with regard to smoking history (p > 0.05).
Survival analysis was performed with awareness of possible limitations of the results due to the therapeutical heterogeneity of our study sample.
In the nonsmoker group, the survival ranged between 6 and 168 months (median 62 months; 95% confidence interval (CI) 39 -112 months), whereas in the smoker group it ranged 1 -119 months (median 48 months; 95% CI 19 -66 months). No statistically significant difference was found.
In the nonsmoker group, the survival of patients with OSCC ranged 6 -98 months (median 15 months; 95% CI 10 -39 months), whereas in patients with OPSCC it ranged 7 -168 months (95% CI 84 -112 months). In the smoker group, the survival of patients with OSCC ranged 1 -106 months (median 14 months; 95% CI 11 -19 months), whereas of patients with OPSCC it ranged 3 -119 months (median 66 months; 95% CI 44 -66 months). In both nonsmoker and smoker groups, there was statistically significant difference in survival between patients with OSCC and OPSCC (p < 0.001; p = 0.020).
Regarding the whole study sample (92 patients), the survival of patients with HPV-positive tumors ranged 3 -168 months (median 112 months; 95% CI 54 -112 months), whereas of patients with HPV-negative tumors it ranged 1 -106 months (median 17 months; 95% CI 12 -39 months). The difference is statistically significant (p < 0.001) (Fig 2) .
Using the Cox regression analysis, the most significant parameters influencing survival were tumor localization (p = 0.002), "N" status (p = 0.038), status of resection margins (p = 0.040), HPV status (p = 0.045), and p16 expression (p = 0.048). Specifically, the characteristics favouring longer survival are localization of the tumor in oropharynx, "N0" status, negative resection margins, presence of HPV DNA, and p16 expression. The coefficient of determination of the model was R 2 = 0.308, indicating its relevance only for description, not for prediction. However, in general the model is statistically significant (p < 0.0001).
Discussion
Nowadays, HPVs are recognized as important human pathogens. Given their oncogenic potential, mucosal HPVs, which show affinity for the anogenital area and upper aerodigestive tract, are classified into low-risk and high-risk (HR-HPV) types. While the former cause benign lesions, e.g. squamous cell papillomas and condylomata, the latter are the major cause of cervical carcinoma and are associated with a subset of vulvar, vaginal, penile and anal cancers [15, 16] . Since the first suggestion on the role of HPV in the etiopathogenesis of HNSCCs by Syrjänen et al. in 1983 [17] , at least 40 studies have been published on this topic providing good evidence that HPVs are associated with a subset of these tumors, particularly those occurring in the oropharynx [4, 18] .
The precise proportion of HPV-positive HNSCCs, however, varies considerably, ranging from 0 % up to 93 % [4] . This discordance may be partially explained by true regional differences in the prevalence of oral HPV infection, probably influenced by differences of sexual habits in particular cultures, by precise anatomic localization of the tumors (oral cavity versus oropharynx) and by different HPV detection methods used in the studies [3] . In a multicentre case-control study on HNSCCs, 70 % of tumors harboured HPV DNA [5] . Selected recent papers dealing with HPV in HNSCC are listed in Table 7 [6, 10, . The HPV types detected in HNSCCs include most frequently HPVs 16, 18 and 33 [4, 9, 41] . Like in our study, the most common type was HPV 16, observed in 92 % cases.
HPV-positive HNSCCs seem to constitute a distinct clinicopathological entity, different from HPV-negative tumors [9] . They tend to occur in youger patients (30-50s) without gender predilection. In addition, these cancers frequently develop in patients without traditional risk factors, i.e. smoking and alcohol abuse. Their risk factors include young age at first intercourse, promiscuity and history of genital warts [42] . Positive personal history of oral-genital and oral-anal sexual contact during which the HPV infection may be transmitted to the oral cavity increases the risk for HPV-positive HNSCCs, these tumors may be regarded as a sexually transmitted disease [4] . It is assumed that long lasting oral HR-HPV infection precedes development of HPV-positive HNSCC about 20 years [5, 7] . Thus, some authors consider the present epidemic of HPV-positive HNSCCs to be a consequence of the "sexual revolution" started in the western civilization circle in the 1960s [6, 8] .
The influence of smoking on HPV-positive HNSCCs is yet unclear but both synergistic and additional effects have been suggested [4] . Although it is commonly stated that HPVpositive HNSCCs frequently develop in non-smoking patients, detailed data on this population are sparse. In our previous study [10] , we showed that the vast majority of OPSCCs developing in nonsmokers are related to oral HR-HPV infection whereas, viral etiology is responsible for only a small subset of OSCCs, stressing the need for identification of further risk factors playing role in pathogenesis of the OSCC. In the current study, there was no statistically significant difference regarding all studied parameters (except for tumor morphology) between the nonsmoker and the smoker groups. This indicates, that smoking itself, although it is an important risk factor, seems not to be a prognostic factor.
HPV-positive HNSCCs are prone to occur in the oropharynx, particularly in the palatine tonsils and at the root of the tongue, both areas rich in lymphoid tissue [1, 2] . This characteristics has been confirmed in our study, with 80 % of OPSCCs versus 15 % of OSCCs being HPV-positive. The affinity of HPV to the oropharyngeal mucosa may be explained by production of currently unspecified cytokines by lymphoid tissue and/or by deep invaginations of the tonsilar surface, the latter factor blocking simple mechanical clearing of the epithelium and making it more susceptible to HPV infection [3] .
Nowadays, PCR assay and the FDA-approved Hybrid Capture 2 assay serve as most reliable standard detection methods for HPV testing [43] . In addition, the immunohistochemical detection of p16, which is regarded as a sensitive marker of active HR-HPV replication, is widely used as a surrogate marker, particularly in cervical pathology, where its sensitivity and specificity for HPV presence were shown to be as high as 0.70-1.00 and 0.70-0.97, respectively [44] . The sensitivity and specificity of p16 expression for HPV DNA presence detected by PCR were in our study 0.74 and 0.88, respectively, confirming the use of this marker as an acceptable tool in testing the HPV status of HNSCCs. As it is not yet clear, whether p16 expression, or HPV DNA presence is a more important predictive parameter, testing of both characteristics is recommended. Recently, the HPV testing in exfoliated tumor cells from oral washings has been shown to be a reliable tool for determination the HPV tumor status, with sensitivity and specificity of 0.83 and 0.88, respectively [35] . The detection of anti-E6/E7 antibodies in patients´sera seems to be an other promising method for indirect checking of HPV status of the HNSCCs [40] .
Most importantly, compared with the HPV-negative tumors, HPV-positive HNSCCs show better outcome and reduced risk of recurrence with enhanced radiochemosensitivity [2, 9] . For example, in the studies by Lassen et al. [45] and Fischer et al.
[46] the 5-year survival of HPV-positive HNSCCs compared with HPV-negative tumors was 57 % versus 27 %, and 62 % versus 26 %, respectively. This difference was observed also in our study, as the HPV-negative tumors more frequently recurred locally (p = 0.011), regionally (p = 0.019) and locoregionally (p = 0.030) and the patients more frequently died because of the tumor (p = 0.003). Moreover, the survival of patients with HPV-positive tumors was significantly longer (median 112 months; 95% CI 54 -112 months) compared to patients with HPV-negative tumors (median 17 months; 95% CI 12 -39 months) (p < 0.001). In our study, not surprisingly, both the HPV status and p16 expression were shown to be significant parameters influencing survival. However, because of the therapeutical heterogeneity in our study sample, interpretation of these results must be cautious. Although our results are in accordance with those of other studies, we ourselves regard them as preliminary at best.
In summary, we have shown that HPV-positive HNSCC represents a distinct clinicopathological entity with relatively favourable outcome. Development of more effective therapeutical options for their treatment in the near future is mandatory. Nowadays, the consideration is reduction of the radiation dose and omission of chemotherapy in adjuvant treatment. Therefore, the p16/HPV testing in every case of HNSCC is of particular importance and should become common practice.
